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Abstract
An important aspect in the business process
lifecycle is the evaluation of business processes
performance, since it helps organisations to de-
fine and measure progress towards their goals.
Performance requirements on business pro-
cesses can be specified by means of Process
Performance Indicators (PPIs), as suggested
in many methodologies and frameworks like,
for instance, COBIT, ITIL or EFQM. As a
consequence, it is convenient to integrate the
management of PPIs into the whole business
process lifecycle from its design to its evalu-
ation, enabling thus a more eﬀective an eﬃ-
cient automated support to extract informa-
tion from such indicators. In this paper, we
analyse some approaches related to this issue
and identify the challenges that need to be
faced.
1 Introduction
It is increasingly important to evaluate the
performance of business processes. A key
instrument to carry out this evaluation is
by means of Process Performance Indicators
(PPIs). A PPI is a measure that reflects the
critical success factors of a business process
defined within an organisation, in which its
target value must be reached in a certain pe-
riod and reflects the objectives pursued by the
organisation with that business process. Note
that we use PPI as a kind of Key Performance
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Figure 1: Business Process Lifecycle as described
in [4]
Indicator (KPI) that focuses exclusively on
the indicators defined on the business pro-
cesses. Nowadays, many methodologies and
frameworks like, for instance, COBIT, ITIL or
the EFQM excellence model [1, 2, 3], confirm
this importance by including the definition of
these PPIs within their recommendations as
a means to evaluate the performance of the
existing business processes. In order to make
this evaluation of business processes easier, it
is convenient to integrate the management of
PPIs into the whole business process lifecy-
cle. In [4], the four-phase business process
lifecycle of Figure 1 is proposed. This lifecycle
starts with the Design and analysis phase, in
which business processes are identified, mod-
elled using a particular notation, validated to
check whether all valid process instances are
reflected by its corresponding business process
model, simulated to detect possible undesired
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execution sequences, and verified. Once the
business process model is designed and veri-
fied, it needs to be implemented. This is done
during the configuration phase, where, in case
a dedicated software system is needed, it must
be selected and configured in order to take into
account the interactions of the employees with
the system and the integration with existing
software systems. Then, the implementation
of business process needs to be tested and fi-
nally deployed in its target environment. Next
phase is the enactment, that encompasses the
run time of the business process. On the one
hand, a correct orchestration is necessary for
the business activities to be performed accord-
ing to the business process’s execution con-
straints. On the other hand, process moni-
toring is a good mechanism for providing in-
formation about the status of business process
instances. Finally, the evaluation phase uses
information available to evaluate and improve
business process models and their implemen-
tations. Note that there not exists a strict
temporal ordering in which these phases need
to be executed; incremental and evolutionary
approaches involving concurrent activities in
multiple phases are, thus, common. In this pa-
per, we are interested in describing what has
been done in the literature regarding the in-
tegration of PPIs as first-class citizens in this
business process lifecycle, and in outlining the
open challenges this issue presents.
The remainder of this paper is organised as
follows. In Section 2 we explain how to inte-
grate PPIs into the business process manage-
ment lifecycle and analyse how diﬀerent ap-
proaches deal with this issue. From this sec-
tion, a number of open research questions are
identified and presented in Section 3. Finally,
Section 4 draws the conclusions from our work,
summarizes the paper and outlines our future
work.
2 Integrating PPIs Into The Busi-
ness Process Management Lifecy-
cle
In order to make the evaluation of the perfor-
mance of business processes easier, it is con-
venient to integrate the management of PPIs
into the whole business process lifecycle. In
this section, we take the business process life-
cycle presented by Weske in [4, 5] as a refer-
ence and we describe how management of PPIs
can be integrated into this lifecycle. Further-
more, we also report on several proposals that
can be used to support this integration.
2.1 Design and Analysis
In the design and analysis phase, PPIs should
be modelled together with the business pro-
cess. Furthermore, this model of PPIs should
also enable their analysis by detecting the de-
pendencies amongst them at design time and
also using them as part of the business pro-
cess analysis, for instance in business process
simulation techniques.
With respect to this phase, several authors
have presented some approaches: Pedrinaci et
al. present in [9] a metric ontology to al-
low the definition and computation of met-
rics. Popova et al. [13] present a framework for
modeling performance indicators within a gen-
eral organisation modeling framework. They
define indicators by assigning values to a set
of attributes. In [23], they point out the way
these indicators are calculated and define re-
lations between PPIs and the processes. Rela-
tionships between PPIs (causality, correlation
and aggregation) are briefly introduced in [13]
and explained in detail in [23]. They also
define temporal properties over PPIs (called
PI expressions) in [24]. Wetzstein et al. de-
scribe in [20] a KPI ontology using WSML to
specify KPIs over semantic business processes.
In [15] Mayerl et al. discuss how to derive met-
ric dependency definitions from functional de-
pendencies by applying dependency patterns.
Castellanos et al. present in [18] the IBOM
platform, that allows, among other things, to
define business measures. The user can define
business measures (through a GUI) to measure
characteristics of process instances, processes,
resources or of the overall business operations.
Specifically, they characterize metrics through
four attributes: name (unique), target entity
(objet to be measured), data type (numeric,
boolean, taxonomy or SLA) and desirable met-
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ric values. This approach is not focused on
business processes but on the whole organisa-
tion.
2.2 Configuration
During the configuration phase, the instru-
mentation of the processes that are necessary
to take the measures must be defined.
Momm et al. present in [19] a meta-model
for the specification of the PPI monitoring
along with an extension of the BPMN meta-
model for modeling the required instrumen-
tation for the monitoring and an outline of
methodology for an automated generation of
this instrumentation.This approach explains
how to define a KPI and how to take the mea-
sures.
2.3 Enactment
During the business process enactment, when
valuable execution data is gathered, the PPIs’
values have to be calculated and the monitor-
ing of these PPIs should be carried out. For
instance, this can be done based on execution
logs that store information about the process
such as the start or the end of activities.
To overcome this issue, Pedrinaci et al.
present in [9] a Semantic Business Process
Monitoring Tool called SENTINEL. This tool
can support automated reasoning. Popova et
al. propose in [23] formal techniques for anal-
ysis of executions of organizational scenarios.
Wetzstein et al. introduce in [20] a framework
for BAM as part of the semantic business pro-
cess management, where PPI models are au-
tomatically converted to IT-level event-based
models and used for real-time monitoring us-
ing reasoning technology. In this framework,
there is a monitor model that specifies how
events are processed to calculate KPIs, whose
values are then published in dashboards
2.4 Evaluation
Finally, during the evaluation phase, the mon-
itoring information obtained in the previous
phase will help to identify correlations and pre-
dict future behaviour.
Castellanos et al. [18] address this issue,
since their IBOM platform also allows to per-
form intelligent analysis on business measures
to understand causes of undesired values and
predict future values.
3 Challenges
As can be deduced from Section 2, business
process lifecycle can benefit from the definition
of PPIs over processes and from a set of anal-
ysis operations of them, enabling a more eﬀec-
tive and eﬃcient automated support to extract
information from such indicators.
In order to obtain such benefit, there exists
a number of research questions that are not
answered yet. In the following we state some
of them:
• Which information is necessary in
order to define Process Performance
Indicators over business processes?
How do these PPIs relate to the
business processes for which they
were defined?
An appropriate definition of PPIs is key
to enable the automated support of the
aforementioned PPIs lifecycle. Moreover,
in order to be able to get information,
not only from the indicators, but also
from the business processes they were de-
fined for, it is important to define an ex-
plicit connection between indicators and
the process elements they are measuring.
There are several research proposals to
define PPIs, as presented in Section 2, but
none of them are well-suited because ei-
ther there are commonly used PPIs that
cannot be defined with them or they are
not ready to enable a design-time analysis
of PPIs. In Pedrinati et al.’s approach [9]
it is not clear whether the defined met-
rics are explicitly connected with the el-
ements of a business process. Popova et
al. [13] do not consider derived measures
when defining indicators. Wetzstein et
al. [20] do not take into account indica-
tors related to data. Mayerl et al. [15] do
not delve into the definition of measures,
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they only set the semantics of some ele-
ments to consider when defining measures
based on concepts of the CIM metrics
model [16] (e.g. UnitOfWork, which re-
lates metrics with functional entities) and
the QoS UML profile described in [17].
Momm et al.’s metamodel for the specifi-
cation of PPIs [19] lacks some properties
identified like, for instance, the analysis
period of the PPI). Finally, Castellanos et
al. [18], as far as we can deduce from the
paper, do not take into account during the
definition of metrics some aspects such as
the analysis period, the unit of measure
or the dimension to be measured.
• Which analysis operations can be
applied to PPIs in order to get
relevant information about them?
Which information can be gathered
from these PPIs’ definition?
Making queries and extracting informa-
tion from PPIs may be useful when defin-
ing dashboards to monitor processes. Fur-
thermore, the analysis of these PPIs at
design-time can help to assure the defi-
nition of achievable goals or even iden-
tify conflicting goals. E.g. It could be
detected if two PPIs inversely dependent
are being tried to be optimised. Another
benefit resulting from this analysis is the
possibility to find out how certain activity
influences PPIs or vice versa.
With respect to this challenge, there ex-
ist some approaches [9, 23, 20, 18] that
address the analysis of PPIs, but they do
it in runtime, losing the aforementioned
benefits of this design-time analysis.
• Which are the issues to consider
when developing a suitable tool to
support this automatic analysis of
process performance indicators?
Explicit business process models ex-
pressed in a graphical notation (such as,
for instance, BPMN) ease communication
about these processes, so that stakehold-
ers can communicate eﬃciently, and re-
fine and improve them. In the same way,
it is convenient to develop a graphical no-
tation to depict these PPIs together with
the corresponding business process mod-
els. Thus, it is necessary to develop a
tool to support such a graphical notation
of PPIs, as well as to enable their auto-
mated analysis. Furthermore, it would be
very useful to integrate such a tool with
an editor of business process diagrams.
To the best of our knowledge, there not
exists such a graphical notation nor the
described tool.
4 Conclusions and Future Work
In this paper, we argue the importance of in-
tegrating the management of PPIs into the
whole business process lifecycle. Specifically,
in the design and analysis phase, PPIs must be
modelled together with the business process.
This model should enable (at design-time) an
automated or semi-automated analysis to, for
instance, detect the dependencies and poten-
tial conflicts amongst them or to use them
together with other business process analysis
techniques such as simulation techniques. We
have analysed how diﬀerent approaches ad-
dress this issue and their shortcomings. We
have also identified the challenges that need
to be faced to this respect.
Our future work focuses on finding answers
to the open research questions presented in
Section 3. In order to do so we have already
started by defining an ontology for the defini-
tion of PPIs (described in a paper submitted
to the 18th International Conference on Co-
operative Information Systems-CoopIS 2010),
whose main benefits can be summarised as fol-
lows:
1. The relation between PPIs and the busi-
ness process is explicitly established.
2. It supports the definition of a wide va-
riety of PPIs, including those associated
with data objects. It also supports the
definition of an expressive analysis period
of a PPI
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3. Dependencies between measures can be
automatically obtained from the ontology,
which enables the analysis of PPIs at de-
sign time. Furthermore, since the ontol-
ogy has been defined in OWL DL, au-
tomated reasoners can be used to make
queries about the PPI model
Moreover, we are extending this ontological
definition with a textual language as closer to
the natural language as possible, in order to
ease this definition.
With respect to the second point, we plan to
define a mechanism to make queries on PPIs
(PPI-Q) similar to the one presented in [21] to
make queries on BPMN (BPMN-Q). We are
also working on describing mechanisms to de-
rive restrictions (taking advantage from Con-
straint Satisfaction Problems) between PPIs,
in order to extract knowledge in an automatic
way from the PPIs defined over a particular
business process.
Finally, to overcome the third challenge, we
are developing a graphical notation in order
to depict these ontological concepts of PPIs
over business processes and we are also inte-
grating this notation into the web-based editor
ORYX [22] as a result of a collaboration stay
with the BPT group at the HPI Potsdam.
References
[1] ISACA: COBIT 4.1 (2009)
[2] Ofice of Government Commerce: Infor-
mation technology infrastructure library
(ITIL) v3. Collection of books (2007)
[3] European Foundation for Quality Man-
agement: EFQM excellence model 2010
[4] Weske, M.: Business Process Manage-
ment: Concepts, Languages, Architec-
tures. Springer (2007)
[5] del Río-Ortega, A., Resinas, M., Ruiz-
Cortés, A.: Towards modelling and trac-
ing key performance indicators in busi-
ness processes. In: II Taller sobre Pro-
cesos de Negocio e Ingeniería de Servicios
(PNIS 2009). (2009)
[6] OMG: Business process modeling nota-
tion (BPMN) v2.0 (2009)
[7] W3C OWLWorking Group: OWL 2Web
Ontology Language (2009)
[8] Brockmans, S., Volz, R., Eberhart, A.,
Löﬄer, P.: Visual modeling of OWL DL
ontologies using UML. In: ISWC 2004.
Volume 3298., Springer (2004) 198–213
[9] Pedrinaci, C., Lambert, D., Wetzstein,
B., van Lessen, T., Cekov, L., Dim-
itrov, M.: Sentinel: a semantic business
process monitoring tool. In:Proceedings
of the First International Workshop on
Ontology-supported Business Intelligence
(OBI). (2008)
[10] Abramowicz, W., Filipowska, A., Kacz-
marek, M., Pedrinaci, C., Starzecka, M.,
A., W.: Organization structure de-
scription for the needs of semantic busi-
ness process management. In: 3rd in-
ternational Workshop on Semantic Busi-
ness Process Management colocated with
5th European Semantic Web Conference.
(2008)
[11] Abramowicz, W., Filipowska, A., Kacz-
marek, M., Kaczmarek, T.: Semantically
enhanced business process modelling no-
tation. In: Proceedings of SBPM 2007
Semantic Process and Product Lifecy-
cle Management in conjunction with the
3rd European Semantic Web Conference
(ESWC 2007). (2007)
[12] Pedrinaci, C., Domingue, J., Alves de
Medeiros, A.K.: A core ontology for busi-
ness process analysis. In: 5th European
Semantic Web Conference. (2008)
[13] Popova, V., Sharpanskykh, A.: Mod-
eling organizational performance indica-
tors. Information Systems (2009)
[14] Garcia, F., Bertoa,M.F., Calero, C., Val-
lecillo, A., Ruiz, F., piattini, M., Genero,
M.: Towards a consistent terminology for
software measurement In: Information &
Software Technology (48). 2006 631-644
Actas de los Talleres de las Jornadas de Ingeniería del Software y Bases de Datos, Vol. 4, No. 4, 2010
ISSN 1988-3455 SISTEDES, 2010 12
[15] Mayerl, C., Hüner, K., Gaspar, J.U.,
Momm, C., Abeck, S.: Definition of met-
ric dependencies for monitoring the im-
pact of quality of services on quality of
processes. In: Second IEEE/IFIP Inter-
national Workshop on Business-driven IT
Management (Munich). (2007) 1–10
[16] Distributed Management Task Force:
Common information model (CIM)(2003)
[17] OMG: UML TM profile for modeling
quality of service and fault tolerance char-
acteristics and mechanisms specification
(2006)
[18] Castellanos, M., Casati, F., Shan, M.C.,
Dayal, U.: IBOM: A platform for
intelligent business operation manage-
ment. In: Proceedings. 21st Inter-
national Conference on Data Engineer-
ing, 2005., Hewlett-Packard Laboratories
(2005) 1084– 1095
[19] Momm, C., Malec, R., Abeck, S.: To-
wards a model-driven development of
monitored processes. In: Wirtschaftsin-
formatik (2). (2007) 319–336
[20] Wetzstein, B., Ma, Z., Leymann, F.: To-
wards Measuring Key Performance Indi-
cators of Semantic Business Processes. In:
11th International Conference on Busi-
ness Information Systems (BIS’08). Inns-
bruck, Austria (2008) 227–238
[21] Awad, A., Decker, G., Weske, M.: Eﬃ-
cient compliance checking using bpmn-q
and temporal logic. In: BPM. Volume
5240 of LNCS, Springer (2008) 326–341
[22] Decker, G., Overdick, H., Weske, M.:
Oryx - An Open Modeling Platform for
the BPM Community. In: 6th Inter-
national Conference on Business Process
Management (BPM). Volume 5240 of
LNCS. Springer (2008) 382–385
[23] Popova V. and Sharpanskykh, A. Formal
analysis of executions of organizational
scenarios based on process-oriented spec-
ifications In: Applied Intelligence. (2009)
[24] Popova V. and Sharpanskykh, A. For-
mal Goal-based Modeling of Organiza-
tionss In: MSVVEIS. (2008) 19–28
Actas de los Talleres de las Jornadas de Ingeniería del Software y Bases de Datos, Vol. 4, No. 4, 2010
ISSN 1988-3455 SISTEDES, 2010 13
